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THE RISE OF SCIENTIFIC ACTIVITY IN
COLONIAL NEW ENGLAND*
FREDERICK G. KILGOUR
Scientific tradition in New England had its beginnings in and around
Boston shortly after the year 1712. The main purpose of the present paper
is to describe this early stirring of scientific activity, and to present some
of the factors that may have influenced it. It is true that this scientific
activity was elementary compared with the contemporaneous European
science. Nevertheless, early eighteenth-century New Englanders made two
important contributions, one of which was the first report on record of the
hybridization of plants, and the other, the first extensive use in the western
world of inoculation for smallpox.
Among the Puritans who came to New England in the 1630's, were a
few men who were interested in science. But their interest was never suf-
ficiently vigorous to give science any real place in Puritan culture, and it
gradually ran down like a clock, reaching its slowest point at the turn of
the century. Then, suddenly, there was a new burst of activity which de-
veloped rapidly and became one of the main roots of American scientific
tradition.
During the seventeenth century the most prominent scientist in the British
colonies was John Winthrop, Jr. (1606-1676), the eldest son of the first
governor of the Massachusetts Bay Colony. Winthrop came to Boston in
1631, bringing with him his library of over a thousand volumes to which
he subsequently made many additions. Two hundred and seventy volumes
from Winthrop's library are housed in the Society Library of New York
City. These 270 volumes are the largest segment of a seventeenth-century
colonial library in existence today. An analysis of their titles reveals that
there are more books on chemistry than on any other scientific subject.!
The predominance of chemical books in Winthrop's library is not sur-
prising, since most of Winthrop's scientific activity was related to chemistry.
He believed that the future of New England lay in manufacture and com-
merce, not in-agriculture; history proves him to have been foresighted.
* Presented before the Beaumont Club on October 21, 1949.
1 Browne, C. A.: Scientific notes from the books and letters of John Winthrop, Jr.,
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Having a practical interest in the development of industry, he attempted to
organize a salt works on Fisher's Island as early as 1640. Like many of
his manufacturing projects, the salt works was doomed to financial failure.
About 1644 he set up iron furnaces at Lynn and Braintree, Massachusetts,
but after a short success his iron works were also forced to close down.
Undaunted by these failures, Winthrop continued his industrial ventures
after he moved to Connecticut in 1647. He started a second iron works at
New Haven and opened a graphite mine, but neither was a financial success.
Winthrop also applied his knowledge of chemistry in the practice of
physick. His attractive personality and his readiness to take care of anyone
from a colonial governor to a sick Indian made him one of the most beloved
men in the colony. Cotton Mather wrote ". . . that where-ever he came,
still the Diseased flocked about him, as if the Healing Angel of Bethesda
had appeared in the place . . ."2 His remedies were mostly the simples of
the Galenists, but he may also have prescribed some of the astounding
seventeenth-century concoctions. On January 26, 1656, Sir Kenelm Digby
sent him several prescriptions including one for ". . . miraculous cures in
all sortes of vlcers, and in knitting soddainly broken bones. . . . Beate to
subtile pouder one ounce of crabbes eyes [in Latin, called Oculi cancrorum],
then putt vpon it in a high glasse (because of the ebullition) foure ounces
of strong wine-vinegar. It will instantly boyle vp extremly; lett it stand
till all be quiett; then straine it through a fine linon; and of this liquor
(wch will taste like dead beere; without any sharpness) giue two spoone-
fuls att a time to drinke, three times a day: and you shall see a strange effect
in a weeke or two."' Winthrop may have prescribed this horror, but one
hopes, with Oliver Wendell Holmes, that he did not. Another of Winthrop's
remedies, rubila, was apparently a product of his own invention said to con-
sist of antimony sulphide, nitre, and a little salt of tin, with something added
to make the powder red.' Rubila, whose formula was kept secret, was sup-
posed to cure all manner of diseases, and was undoubtedly America's first
patent medicine. Its popularity was tremendous and it was even exported
to England where it was in considerable demand.
When the Royal Society was being formed in 1662, Winthrop was in
England and was asked to become a charter Fellow, which honor he readily
sMather, Cotton: Magnalia Christi Americana, London, Printed for Thomas Park-
hurst, 1702, bk. II, p. 31.
'Coll. Mass. Hist. Soc., 3d ser., 1849, 10, p. 17.
'Holmes, 0. W.: Medical essays, 1842-1882. Boston, Houghton, Mifflin and Co.,
1888, p. 335, and Browne, op. cit., p. 336.
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accepted. Returning in 1663 to Connecticut, being then Governor of that
colony, he brought with him a little astronomical telescope about three and
a half feet long. He reported in 1664 that through it he had seen a body that
he thought to be the fifth satellite of Jupiter, and he requested that his friend
Sir Robert Moray, President of the Royal Society, attempt to obtain a con-
firmation of his observation. It was not until 1892 that a fifth Jovian satel-
lite was discovered, and it is certain that Winthrop confused a fixed star
with Jupiter's family of satellites.!
Winthrop presented his little telescope to Harvard College in 1672, and
Thomas Brattle (1658-1713) used it to observe the famous comet of 1680.
Brattle sent his observations on the comet to John Flamsteed, the first
Astronomer Royal, at Greenwich. Flamsteed in turn sent Brattle's observa-
tions to Isaac Newton, who used them in his great Principia' to prove that
comets traveled in paths that were determined by the law of gravity, which
he was presenting to the world for the first time. Newton praised "the ob-
server in New England," together with some European astronomers who,
like Brattle, had determined the path of the comet with reference to the fixed
stars instead of using the system of co-ordinates known as altitudes and azi-
muths. The latter method of fixing the location of astronomical bodies yields
different results for different places of observation, and it was difficult for
Newton to obtain satisfactory results by reducing the altitude and azimuth
locations to points on the celestial sphere.
Brattle continued his scientific work, but accomplished little of real
significance. In 1694 and 1703 he observed solar eclipses and in 1700 and
1703 he observed lunar eclipses.' In 1707 he observed another lunar
eclipse.8 The low state of science in New England in the first decade of the
eighteenth century is perhaps best pictured in Brattle's own words in a
letter written to Flamsteed on December 15, 1703:
Sr., by what I have don you may give some guess at my inclinations, how I spend ye
greatest part of my time, & what I would do if I had better conveniences, helps & en-
couragements, for to tell ye truth, I am here all alone by myself, without a meet help
in my Studies as well as in ye more common sense & that little insight wch I have
into these matters, I have gotten it, as they say, proprio Marte, there never having
s Streeter, J. W.: John Winthrop, Junior, and the fifth satellite of Jupiter. Isis, 1948,
39, pp. 159-63.
'Book III, prop. xli, prob. xxl.
7Brattle, Thomas: An account of some eclipses of the sun and moon. Philos. Tr. R.
Soc. London, 1704-05, 24, pp. 1603-08.
8Brattle, Thomas: Observatio eclipsis lunaris peracta Bostonij Nov. Anglorum, die
quinto Aprilis vespere, A.D. 1707. Philos. Tr. R. Soc. London, 1706-07, 25, pp. 2471-72.
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ben any one person that could give me ye least Instruction, Assistance or Satisfaction
in these Studies.9
Still further evidence of the small amount of scientific activity toward the
end of the seventeenth century and in the first decade of the eighteenth is in
a letter that Brattle sent to Flamsteed in 1705.' Brattle makes it perfectly
clear that he was the only man in the Boston area who was engaged in
science; at the turn of the century he was probably New England's only
scientist.
For I Know of no body here but myself that applies himself to this Kind of Study &
I never pretended to more than to be a Lover of them, or a Friend & Wellwisher to
them. Nor can any considerable Attainments, much less Improvemts be rationally
expected from one that has laboured all along under such mighty disadvantages, for,
as I hinted in my last, I never had any body to direct me, to assist me, or encourage
me, but have ben forced to pick my way, & to get over ye rubbs wch lay in it as well
as I could myself. All that I have don has ben purely Accidentall, & now a step &
then a step, in so much that I have very often bewail'd my misfortune that I should
spend so much time to so little purpose, being well assured I might have got & don
more in 4 or 5 years, had I had all necessary Conveniences & Assistancees, than under
my unhappy circumstances I have ben able to do in 4 or 5 & Twenty.
Shall I trouble you wth one instance instead of many? Sonn after I began to look
into these things, I perceiv'd that nothing ws to be don without Euclid. I had Barlow
then by me, and with once reading I understood his 4 first propositions, but Stopt at
ye 5th, & was discouraged from taking any pains to understand it, for I imagin'd if I
should get over that, yet wt follow'd would be Still harder & harder. However, I
could not forbear looking into other Authors, & at length li't upon Schottus, wo at ye
end of ye 4th proposition has these words:-Sequens propositio est pons Asinom, quem
qui transierit Securus in reliquis perget. Thought I hereupon, is it so? I will try
presently, & found his words true, for I immediately got over that difficulty, & soon
after went through his first 6 books & his 11th & 12th, but without that luckly hint, I
might possibly not have so much as understood Euclid to ye day. How happy are
those, have I thought with myself many times, wo set out Early, & have a guide to
direct them, so that they never go a Step out of the way, nor make any Stop in
the way....
But the situation that Brattle lamented was not to continue for long. Less
than ten years later that eminent Puritan divine, Cotton Mather (1663-
1728), sent to the Royal Society thirteen letters dealing with various natural
phenomena. Seven of these letters went to Dr. John Woodward and the
other six to Richard Waller. Woodward had previously requested Mather
9 I am deeply indebted to Mr. John W. Streeter of the Department of Astronomy at
Vassar College for furnishing me this reference and the following. The quotations are
from typescripts in Mr. Streeter's possession of the original Brattle letters in Flam-
steed MSS, volume 41 at the Royal Observatory. Thomas Brattle to Flamsteed dated
"Boston in New England, 15 Decemb 1703." 1 Thomas Brattle to Flamsteed. "Boston in New England Feb. ye 8th 1704/5."
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to send him ". . . such subterraneous curiosities, as may have been in these
parts of America mett withal."" Mather called the letters Curiosa Ameri-
cana, and from 1712 to 1724 he sent in all eighty-two letters to the Royal
Society.' The first group treated many subjects: giants, birds, plants,
imagination, monstrous births, dreams, etc. Very few of the observations
had actually been made by Mather, and some of them were at least thirty
years old.
The second group (ten letters in 1714) dealt with contemporary observa-
tions made by his "neighbours." The next year, instead of sending his
Curiosa Americana, Mather sent the manuscript of a book entitled "The
Christian Virtuoso." When the book was published in 1720-the title-page
reads 1721-it was given the title The Christian Philosopher: A Collection
of the Best Discoveries in Nature with Religious Improvements (London,
Printed for Eman. Matthews, 1721). The author explained the purpose of
his book in the first sentence of the introduction: "The essays now before
us will demonstrate, that Philosophy [science] is no Enemy, but a mighty
and wondrous Incentive to Religion"; and some of the typical chapter head-
ings of The Christian Philosopher are "Of the Fixed Stars, Of Comets, Of
the Snow, Of Minerals," and the last and most extensive, "Of "Man."
Mather drew his scientific knowledge from many up-to-date sources, and he
particularly acknowledged his indebtedness to "the Industrious Mr. RAY,
and the Inquisitive Mr. DERHAM." It was the former's Wisdom of God
Manifested in the Creation and the latter's Astro-Theology from which
Mather had drawn extensively. Despite the theological tenor of these two
titles, they were excellent scientific books. William Derham and John Keill,
another author from whom Mather borrowed, were thorough-going New-
tonians, and they so firmly convinced Mather of the validity of Newton's
theories that Mather wrote of ". . . the admirable Sir Isaac Newton, whom
we now venture to call the Perpetual Dictator of the learned World, in the
Principles of Natural Philosophy."' Each chapter of The Christian Philos-
opher is divided into two parts; the first section sets forth the scientific
knowledge on the subject under discussion, and the second gives the "Re-
ligious Improvements," wherein Mather shows the great wisdom and glory
of God as revealed in Nature.
Mather's book contains only a few original observations, but at the
'Kittredge, G. L.: Cotton Mather's election into the Royal Society. Publ. Colonial
Soc. Mass., 1912, 14, p. 83.
" Holmes, T. J.: Cotton Mather; a bibliography of his works. Cambridge, Harvard
University Press, 1940, 3 vols., I, pp. 199-207. 18Mather, Cotton: Christian philosopher, p. 56.
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time the manuscript was prepared in 1715 it contained the earliest known
account of plant hybridization. On pages 124 and 125 of The Christian
Philosopher we find the following:
That I may a little contribute my two Mites to the illustration of the way wherein
Vegetation is carried on, I will here communicate a couple of Experiments lately
made in my Neighbourhood.
My Neighbour planted a Row of Hills in his Field with our Indian corn, but such
a Grain as was colour'd red and blue; the rest of the Field he planted with Corp of
the most usual Colour, which is yellow. To the most Windward-side this Row infected
four of the next neighbouring Rows, and part of the fifth, and some of the sixth, to
render them colour'd like what grew on itself. But on the Leeward-side no less than
seven or eight Rows were so colour'd, and some smaller impressions were made on
those that were yet further distant.
The same Neighbour having his Garden often robb'd of the Squashes growing in it,
planted some Gourds among them, which are to appearance very like them, and which
he distinguish'd by certain marks, that he might not be himself imposed upon; by this
means the Thieves 'tis true found a very bitter Sauce, but then all the Squashes were
so infected and embitter'd, that he was not himself able to eat what the Thieves had
left of them.
In the first case, that of the cross-fertilization of corn, Mather described
the effect of xenia in producing the kernels of different colors on the in-
fected ears and implied that the substance causing this discoloration is car-
ried through the air by the wind. In the case of the squashes, there is some
doubt as to whether the phenomenon that Mather described was due to
metaxenia or to inheritance; the squash seed was probably impure.
The Indians had known of the hybridization of corn long before the Eng-
lish arrived, and it was their custom to plant their ceremonial corn in some
secluded spot where it would not become infected by other corn. From a
paper published in 1724 in the Philosophical Transactions of the Royal
Society by Paul Dudley (1675-1751),14 another New Englander, we learn
that the Indians thought that the infecting substance was transferred through
the roots of the corn. Dudley observed that the roots of corn never ex-
tended more than five feet from the base of the plant. He then gives several
cases of cross-fertilization to show that the communication of color from
one plant to another cannot take place through the roots. In so doing, Dud-
ley also reveals how interested New Englanders were in this problem of
hybridization.
The Reverend Mr. Mayhew, of Martha's Vineyard, had told Dudley of
two cases of cross-fertilization that disproved the root theory. In one case
I Dudley, Paul: Observations on some of the plants in New England, with remark-
able instances of the nature and power of vegetation. Philos. Tr. R. Soc. London, 1724,
33, pp. 194-200.
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Mayhew observed that blue corn had communicated its color to yellow corn
over a distance of four or five rods, a distance greatly in excess of the
possible length of ten feet of roots extending from two corn plants. May-
hew's other observation was of a case of cross-fertilization that had taken
place across a broad ditch of water. After having stated that he was " . . .
humbly of Opinion, that the Stamina, or Principles of this wonderful Copu-
lation, or mixing of Colours, are carried thro' the Air by the Wind; and
that the Time, or Season of it, is, when the Corn is in the Earing...
Dudley also related an observation of one of his neighbours ". . . that a
close, high board Fence, between two Fields of Corn that were of a different
Colour, entirely prevented any Mixture or Alteration of Colour, from that
they were planted with."15
Nehemiah Grew, an English botanist, in an address to the Royal Society
in 1676, had suggested that plants reproduce sexually, and he elaborated
this idea in subsequent publications. Cotton Mather not only knew of
Grew's work, but he was also very familiar with the writings of John Ray,
as has already been shown. Ray was sure that flowering plants reproduced
sexually, and Mather had accepted this idea. And it is also clear from
Dudley's phrase, "this wonderful copulation," that he too had accepted the
theory of the sexuality of plants. At the time that Mather and Dudley were
recording observations and experiments, several Englishmen were also
working on the problem of cross-fertilization, but it was almost forty years
later that J. G. Koelreuter did his classical experiments on hybridization."6
Mather's reports on cross-fertilization were never incorporated into the
literature of hybridization, but Dudley's work was used in Philip Miller's
Gardeners Dictionary,"7 and through this medium had a wide circulation.
These early investigations into the phenomenon of the cross-fertilization of
plants were certainly as important as any other botanical research that was
going on at the time.
Between 1716 and 1720 Cotton Mather sent twenty-seven letters to the
Royal Society. Most of these Curiosa Americana were still observations
made by Mather's "neighbours." One of the 1717 Curiosa, for instance, is
the record of an eclipse observation made by Thomas Robie at Harvard.
Of the eleven letters despatched in 1716, two are of great interest. In one
165Ibid., p. 199. '6Koelreuter, J. G.: Vorliufige Nachricht von einigen das Geschlecht der Pflanzen
betreffenden Versuchen und Beobachtungen. Leipzig, 1761-66.
7Miller, Philip: The gardeners dictionary. London, Printed for the Author, 1733.
Article on "Generation." The first edition of Miller's Dictionary was published in
1724, the same year in which Dudley's paper appeared.
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of them Mather described more completely the hybridization experiments
included in his manuscript of The Christian Philosopher, and in the second
he made some prophetic suggestions concerning smallpox inoculation.
Of all the eighty-two Curiosa Americana that Mather sent to the Royal
Society, extracts of only the first group were ever published."8 The article
that directly followed the extracts of Mather's letters in No. 339 of the
Philosophical Transactions was an account of smallpox inoculation that had
been sent to the Royal Society by Emanuel Timonius in Constantinople.'
Sometime before July 12, 1716, Mather had obtained a copy of this number
of the Philosophical Transactions, presumably for the purpose of reading
the extracts of his own letters. He also read Timonius' article, which im-
pressed him with its suggestion for avoiding the ravages of the dread small-
pox. Mather wrote to Dr. Woodward of the Royal Society on July 12,
1716, that he was ". . . in a favourable Opinion, of Dr. Timonius's comhuni-
cation," and went on to tell how he had first learned of smallpox inocula-
tion from his Negro servant, "many months before."
Enquiring of my Negro-man Onesimus, who is a pretty Intelligent Fellow, Whether
he ever had ye Small-Pox; he answered, both, Yes, and, No; and then told me, that he
had undergone an Operation, which had given him something of ye Small-Pox, &
would forever praeserve him from it; adding, That it was often used among ye
Guramantese, & whoever had ye Courage to use it, was forever free from ye fear of
the Contagion. He described ye Operation to me, and shew'd me in his Arm ye Scar,
which it had left upon him; and his Description of it, made it the same, that after-
wards I found related unto you by your Timonius.
This cannot but expire, in a Wonder, and in a request, unto my Dr. Woodward.
How does it come to pass, that no more is done to bring this operation, into experi-
ment & into Fashion in England? When there are so many Thousands of People, that
would give many Thousands of Pounds, to have ye Danger and Horror of this fright-
ful Disease well over with ym. I beseech you, syr, to move it, and save more Lives
than Dr. Sydenham. For my own part, if I should live to see ye Small-Pox again
enter Or City, I would immediately procure a Consult of Or Physicians, to Introduce
a Practice, which may be of so very happy a Tendency. But could we hear, that you
have done it before us, how much would That embolden us I'
Five years later, Mather had the opportunity to fulfill his resolve, for
smallpox broke out in Boston in April 1721. Mather prepared a letter
addressed to the physicians of Boston that he circulated in manuscript on
18 Mather, Cotton: An extract of several letters from Cotton Mather, D. D. to John
Woodward, M. D. and Richard Waller, Esq.; S. R. Secr. Philos. Tr. R. Soc. London,
1714-16, 29, pp. 62-71.
1 Timonius (Timoni), Emanuel: An account, or history, of the procuring the small
pox by incision, or inoculation; as it has for some time been practised at Constantinople.
Philos. Tr. R. Soc. London, 1714-16, 24, pp. 72-82.
' Kittredge, G. L.: Some lost works of Cotton Mather. Proc. Mfass. Hist. Soc.,
1911-12, 45, p. 422.
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June 6. The letter, most of which was subsequently printed in Boston news-
papers, contained an abstract of Timonius' report and also an abstract of
an account of smallpox inoculation by Jacobus Pylarinus of Venice that had
appeared in the 1716 issue of the Philosophical Transactions.2" Mather asked
the physicians to consider this new and as yet untried method for the pre-
vention of smallpox, and if they thought it wise to employ inoculation, he
begged them to do so.
The method of inoculation then employed did not use an attenuated virus
as do our present vaccines. The procedure was to scratch the arm of the
person to be inoculated so as to draw blood. Then some pus from a pustule
of a patient ill with smallpox was rubbed into the incision. The inoculate,
as he was called, subsequently contracted smallpox, but the degree of his
illness was supposed not to be as great as it would have been had he been
accidently infected with the disease. There was really not much evidence
to guarantee that inoculation would be successful if it were undertaken.
Mather was not a physician and was unaware of the possible dangers. Dr.
William Douglass, the only physician in Boston who had a medical degree
(he having attended medical schools in Europe) was opposed to inocula-
tion because it seemed to him that deliberately infecting people with small-
pox could only result in more deaths. Douglass also reasoned that if more
people were infected with smallpox, the dread disease would spread more
widely.' Both of Douglass' objections were quite valid, in the light of
contemporary knowledge, and he was able to turn all of the Boston physi-
cians against inoculation, with the sole exception of Zabdiel Boylston.
Boylston had the courage to gamble with his little son's life. There was
no point in inoculating himself, as he had already had smallpox, so on June
26, 1721, Boylston inoculated his six-year-old son, Thomas, and two of his
Negro slaves aged thirty-six and two-and-a-half." The inoculations were
successful, but the people of Boston, who had for the most part sided with
Douglass, were furious that the experiment should have been performed.
And although Douglass had first objected to inoculation on creditable scien-
tific grounds, the opposition between him and those who favored inocula-
tion soon became a battle of personalities. The Boston News-Letter took
up the fight in the favor of the opponents of inoculation, they being the
Pylarinus (Pylarini), Jacobus: Nove & tuta variolas excitandi per tranplanta-
tionem methodus, nuper inventa & in usum tracta. Philos. Tr. R. Soc. London, 1714-16,
29, pp. 393-99.
'Douglass, William: Inoculation of the small pox as practised in Boston. Boston,
Printed and sold by J. Franklin, 1722, pp. 13-18.
' Boylston, Zabdiel: An historical account of the smallpox inoculated in Nev
England. 2d ed., cor. Boston, Reprinted for S. Gerrish and T. Hancock, 1730, p. 2.
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great majority of Bostonians. Boylston, however, had been encouraged by
the success of his first three inoculations, and he had begun to inoculate
others. At this, the fever of the opposition mounted. On August 24, 1721,
Mather, who had been vigorous in his support of Boylston and inoculation,
wrote in his diary, "The Town is become almost an Hell upon Earth."
Even physical violence was attempted, and at about three o'clock on the
morning of November 14th, someone threw a "fired Granado" into Cotton
Mather's bedroom. It happened that Mather was not occupying the room
at the time; he had taken into his house the minister from Roxbury for an
inoculation, and it was he who was in the bedroom when the home-made
bomb came in through the window. Fortunately the fuse came out of the
bomb, so that it did not explode. Tied with a string to the fuse, so that the
explosion of the bomb would not destroy it, was a little note. "COTTON
MATHER. I was once one of your Meeting; But the cursed Lye you told
of- -You know who; made me leave You, You Dog, and Damn You, I
will Enoculate you with this, with a Pox to you."'
It was not until the early summer of 1722, when the epidemic had abated,
that the opposition to inoculation began to subside. But by that time the
value of the new procedure had been proved. The total number of inocula-
tions that had been performed was 286, of which 281 "had a perfect Small-
Pox by Inoculation."' Of the total number only six had died, and there is
reason to believe that these six inoculates had been infected with smallpox
before they were inoculated or died from other causes. The mortality of
those inoculated was about 2.1 per cent, in contrast to the 14.9 per cent
mortality of all those who had contracted the disease. Perhaps the value of
the work done by the inoculators may be more fully appreciated by compar-
ing the inoculation mortality of 2.1 per cent with the 8.5 per cent mortality
of the total population.
After the furor over the smallpox inoculation died down Mather con-
tinued to send his Curiosa Americana to the Royal Society. From 1722 to
1724 he sent thirty-one letters, most of them containing reports on natural
phenomena sent to him by his correspondents. Three of the ten letters that
Mather despatched in 1724 serve as excellent examples to illustrate his
habit of reporting events which had been reported to him. One letter con-
tains an account of a high yield of "Salt of Tartar" resulting from the burn-
' Boston News-Letter, November 20, 1721. In his Diary Mather states that the note
read, "COTTON MATHER, You Dog, Damn you: I'l inoculate you with this, with
a Pox to you." Mather, Cotton: Diary, Boston, Massachusetts Historical Society, 1912,
2 pt., II, pp. 657-58.
" Boylston, op. cit., p. 34.
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ing of a white oak tree that had been felled in Cambridge. Thomas Robie
had already done a considerable amount of research on this problem, and
his findings had been published in the Philosophical Transactions for 1720.'
Two other letters deal with observations reported to Mather by the Rev-
erend Christopher Toppan of Newbury. Mather described Toppan's report
of "An Amphisbaena," a serpent with a head at each end and capable of
motion in either direction, and the case of a man who had "lately Vomited
a Lizard." Mather had not, as Whittier wrote in "The Double-Headed
Snake of Newbury," gone
"... galloping down
All the way to Newbury town,
With his eyes agog and his ears set wide,
And his marvellous inkhorn at his side,"
but if he had, he would have found neither amphisbaena nor vomited lizard.
Paul Dudley also communicated descriptions of natural phenomena to
the Royal Society, the most important being his paper describing the
hybridization experiments already discussed. A paper dealing with the
manufacture of maple sugar was his first to be published; it appeared in
the April 1720 issue of the Philosophical Transactions. From Dudley's
paper on maple sugar, whose medical virtues he claimed were higher than
those of West Indian sugar, it is apparent that the technique for producing
this confection has changed very little in the last two centuries. From 1720
to 1735 Dudley had twelve articles published in the Philosophical Trans-
actions,'7 all of them dealing with subjects that can roughly be classified as
natural history.
Thomas Robie (1689-1729) was the most significant and productive
scientist in New England during the period from 1712 to 1724.3 He was
graduated from Harvard in 1708, and the year after he took his master's
degree, in 1711, he was appointed the Harvard "Library-Keeper." The
next year he became a tutor at Harvard, a position which he held until
1723. In 1712 Harvard had acquired an 8-foot telescope, and, using this
instrument, Robie observed eclipses and immersions of Jupiter's satellites
in 1713 and 1714. He continued to make observations of such astronomical
I Robie, Thomas: An account of a large quantity of alcalious salt produced by
burning rotten wood. Philos. Tr. R. Soc. London, 1720-21, 31, pp. 121-24.
7 Shipton, C. K.: Sibley's Harvard Graduates. Cambridge, Harvard University
Press, 1933, IV, p. 54.
38Kilgour, F. G.: Thomas Robie (1689-1729), colonial scientist and physician. Isis,
1939, 30, pp. 473-90.
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phenomena as solar and lunar eclipses, southings of the moon, the zodiacal
light, and auroras during the next four or five years.
In 1719 Robie wrote a pamphlet that was probably the first scientific
work by an American to be published in America.'9 There had been an
amazing aurora on the night of December 11, 1719, and Robie's pamphlet
is a description and explanation of it. Being a true man of science, Robie
refused to interpret the dreadful red display in the heavens in terms of
theology; instead he accounted for it by the use of the current nitrous-
sulphureous theories by which atmospheric phenomena were then explained.
Since the preceding days had been hot and sultry, he concluded that the
combustible particles had vaporized from the earth, igniting in some manner
to cause the fiery exhibition. He regarded the phenomenon as a perfectly
natural one and expressed an abhorrence of any prognostications based
upon it. Although his scientific interpretation of the aurora borealis would
be untenable today, his attitude toward it was indeed a healthy scientific one.
Robie was a Newtonian, and he had learned the new mechanics from
such sources as William Derham's Astro-Theology, John Keill's Introductio
ad Veram Physicam, and William Whiston's Praelectiones Astronomicae.
Robie also made use of the new theories. At the end of his Alnanack for
1720 there is an appendix containing tables of "The Middle Distances of
the Planets from the Sun" and of "The Diameter of the Sun and Planets
with the Moon." Robie stated that these tables were ". . . calculated from
the latest Observations by Sir Isaac Newton's Rules." The publication of
astronomical tables computed by "Sir Isaac Newton's Rules" in 1720 is a
big advance over the difficulties that Brattle had had with Euclid.
Robie achieved at least a small right to immortality in the field of medi-
cine for his work in connection with the smallpox epidemic of 1721 and
1722. He had educated himself in medicine, as in other sciences, and after
Boylston began to inoculate, Robie also adopted the practice, performing
the operation on eleven patients. The most complete case histories of those
first smallpox inoculations are in Robie's manuscript Journal of the Inocu-
lation at the Hospital on Spectacle Island.8' The first entry in the Journal
is for May 17, 1722: "Today I went from the College at Cambridge to the
Spectacle Island [the isolation hospital in Boston Harbor] to visit the inocu-
lated persons hereafter mentioned, who were by the fury of the Boston mob,
9 Robie, Thomas: A letter to a certain gentleman desiring a particular account may
be given of a wonderful meteor that appeared in New-England, on December 11, 1719,
in the evening. Boston, J. Franklin for D. Henchman, 1719.
' Kilgour, op. cit., pp. 486-87. A copy of Robie's Journal in his own hand is in
Recompense Wadsworth's MS Commonplace Book at the Massachusetts Historical
Society.
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forced down to the aforesaid island to go through the operation which was
performed on them a day or two before." Robie took care of the six patients
on Spectacle Island until June first, when they had all recovered, and his
Journal for this period shows that he was a very keen medical observer.
His next major investigation, in astronomy, was occasioned by the an-
nular solar eclipse on November 27, 1722," which excited him considerably.
He had a wonderful new 24-foot telescope with which to make his observa-
tions and he made elaborate arrangements for obtaining as many data as
possible. He prepared the people of Massachusetts for the coming phenom-
enon by his article "For the Entertainment of the Country and the Promot-
ing of Knowledge,"' which appeared in at least two Boston newspapers. In
this he described the coming eclipse, the extent of which, according to his
calculations, would be eleven and a half digits; he also requested that the
"curious" make observations and send them to him. When the eclipsed
sun rose on the morning of November 27th, Robie was at the 24-foot tele-
scope and his assistant Danforth at the older 8-foot instrument. The event
had been so well publicized that most of the members of the College had
apparently ascended to the roofs of the buildings, from which vantage point
they were able to see the eclipsed sun before Robie. Unfortunately, as in so
many eclipses, the sun immediately clouded over, so that Robie was unable
to verify his calculations by observing it at its greatest phase. When he saw
it again an hour later, it was eclipsed six digits. Apparently in response to
his advertisement, he received several observations from others which en-
abled him to confirm partially his own calculations of the path of the shadow.
In 1723 Robie married and left Harvard to go to Salem, where he prac-
tised medicine until his death. At the time of Robie's leaving the college,
Harvard's President Leverett recorded in his manuscript "Book Relating
to College Affairs"," that: "It ought to be Remembered, That Mr. Robie
was no small honour to Harvard College, by his Mathematical Performances
and by his correspondence thereupon with Mr. Derham & other learned
persons in those Studies abroad."
Of the three men-Mather, Dudley, and Robie-who were almost entirely
responsible for the sudden rise in scientific activity after 1712, Cotton
Mather was the least a true scientist. In fact, he would probably have been
81Robie, Thomas: Part of a letter . . . concerning the effects of inoculation; The
eclipse of the sun in November 1722; And the venom of spiders. Philos. Tr. R. Soc.
London, 1724, 33, pp. 67-70.
'8Boston News-Letter, Nov. 5, 1722, and the New-England Courant, No. 67, Nov.
12, 1722.
'8In the Harvard College Library, p. 252.
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surprised to have been called one. Although he was very learned in the
scientific knowledge of his day, he made practically no effort to relate ob-
servation with theory either by induction or deduction. He was content
to send to the Royal Society observations reported to him by his "neigh-
bours," and made almost no direct observations himself. His scientific
queries to his informants undoubtedly encouraged an interest in natural
phenomena among New Englanders, but it is difficult to judge Mather's
position in science fairly. He had never taken the trouble to train himself
in the rigorous techniques of scientific observation, so that he lacked a
healthy scepticism of the validity of an isolated observation. The result of
this want of scientific scepticism is that the majority of Mather's Curiosa
Amtericana were valueless as contributions to scientific knowledge and were
never published in the Royal Society's Philosophical Transactions.
Paul Dudley had more appreciation for the relationship between scientific
observation and theory. He was also more sceptical of observations. In his
paper on the "Natural History of Whales,"" he discussed the origin of
ambergris, which was at that time unknown. Dudley described the manner
by which a whaling captain had found ambergris in a whale, the story having
been told to Dudley by the Reverend Thomas Prince of Boston. Basing his
conclusions on the captain's description, Prince was sure that the amber-
gris came from the urinary bladder, but Dudley, being unwilling to accept
outright another's observations, added, "As for my own Part, I dare not
pretend to give any opinion upon the Point, but content myself with relating
Matter of Fact." Mather was not in the habit of doubting the reports he
received.
But whereas Mather and Dudley were amateurs, Thomas Robie was a
trained scientist. He was self-taught, it is true, but he was a capable ob-
server and proficient in using scientific theories to obtain an understanding
of natural phenomena. His explanation of the aurora observed in 1719 is
but one example ofhis deductive use of scientific theory. As an astronomical
observer, Robie was without equal in the colonies, and there were very few
colonial physicians who were accustomed to observe their patients as ac-
curately as did Robie.
Robie also played a more important role in establishing the scientific
tradition in New England than either Mather or Dudley. Isaac Greenwood,
who was graduated from Harvard in 1721, undoubtedly owed much of his
"Dudley, Paul: An essay upon the natural history of whales, with a particular
account of the ambergris found in the sperma ceti whale. Philos. Tr. R. Soc. London,
1724-25, 33, pp. 256-69.
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interest in science to Robie. When Greenwood went to London in 1723 to
study science, he carried with him a letter from Robie and he subsequently
corresponded with him. Greenwood was the first Hollis Professor of Mathe-
matics and Natural Philosophy at Harvard, and in his turn exerted a strong
scientific influence on his successor, Professor John Winthrop. Winthrop,
who retained this post until his death in 1779, did not have a genius equal
to Benjamin Franklin's, but he was the most highly trained and most
learned scientist in the colonies and would have been a credit to any
eighteenth-century university.
Although it cannot be proved, Robie probably awakened scientific interests
in Thomas Clap, who was graduated from Harvard in 1722 and who, as
president of Yale from 1740 to 1766, initiated the first vigorous, continuing
study of science at the "Collegiate School," as Yale was then called.
Why did the sudden rise in scientific activity occur in the decade follow-
ing 1712? There was more scientific work done in New England in these
years than had been done in the preceding eighty; it was as late as 1705 that
Brattle had complained that there was no one who could instruct or assist
him in his faltering scientific studies. And where did the scientific knowledge
come from that made this new scientific activity possible? No scientists had
come from Europe to instruct the beginners; they had of necessity to learn
their science from books. But although scientists had not come to New
England, letters from members of the Royal Society requesting information
undoubtedly stimulated the new scientific activity. As already noted, Cotton
Mather's first Curiosa Americana were sent off in response to a letter from
Dr. John Woodward. When Robie was appointed tutor at Harvard in 1713,
he inherited from his predecessor, Edward Holyoke, a correspondence with
Matthew Wright of Crew. Wright told William Derham about Robie and
it was at Derham's request that Robie maintained a meteorological record
of Cambridge weather conditions. Robie also corresponded with Derham
about astronomical subjects.
At the beginning of the eighteenth century, Boston's population was less
than 10,000, but it was growing rapidly; urban intellectual companionship
was increasing, and schools becoming more numerous. New England was
beginning to prosper, and her people consequently were beginning to enjoy
a greater degree of economic security than formerly. These social factors
probably had an indirect effect in encouraging scientific activity.
But the factor of human curiosity must not be neglected. Even in the
most favorable social circumstances, there would be no active science with-
out curiosity about nature. There are, of course, many ways of expressing
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intellectual curiosity other than seeking the knowledge called science.
Seventeenth-century New Englanders had been almost exclusively engaged
in seeking knowledge and truth in the realm of theology. It seems very un-
likely that they became interested in scientific pursuits merely because of
the change in social climate. It is much more likely that the tremendous
increase in scientific activity in seventeenth-century Europe was the most
influential factor. Theological pursuits had already trained the New Eng-
land mind to rigorous thinking, and when the stimulating books of New-
tonian science arrived in New England, the colonists read them and ac-
cepted the new "philosophy." Mather, Dudley, and Robie not only read the
new science, but, their curiosity having been directed into fresh intellectual
channels, they also began to make original investigations. Robie in par-
ticular adopted the new scientific mode of thought.
The beginnings of New England science that have been described in this
paper were faltering and uneven in quality. The great importance of Mather,
Dudley, and Robie is that they were the "beginners." Only in the light of
subsequent history of science in America can their pioneer efforts be appre-
ciated. If questions are raised as to the value of their early work, the best
reply is one of the famous responses of a later colonial scientist, Benjamin
Franklin: "What good is a new-born baby?"
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